The Association between Polymorphismsin Insulin and 
Obesity Related Genesand Risk of Colorectal Cancer 



Mostafa Rezaei-Tavirani 1 , Akram Safaei 2 , Mohammad Reza Zali 2 
Abstract 

Colon cancer is the cancer of the large intestine (colon), which is located in the 
lower part of digestive system. Colon cancer is the third most common cancer in 
men and the second in women worldwide. Genetic background is thought to 
play a role in modulating individual risks of this cancer. Many studies support 
an association between insulin pathway gene polymorphisms and regulation of 
tumor cell biology in colorectal cancer. This review examines the role of 
polymorphisms of insulin and obesity pathway genes (IGFs, INS, INSR, ADIPOQ, 
ADIPOQR, LEP and LEPR) in development of colorectal cancer. 
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Introduction 

More than one million individuals develop 
Colorectal Cancer (CRC) each year worldwide, 
and the disease-specific mortality rate is nearly 
33% in the developed countries [1]. CRC can be 
separated into two sites: colon cancer (72%), and 
rectum cancer (28%), although incidence of CRC is 
generally reported together. Classification of CRC 
is referred to their pathological stage, which can 
be observed after surgery. Because the clinical and 
pathological stages may be different, imaging 
tests of the observed stage is suggested after 
surgery [1]. About 95% of CRCs are sporadic (with 
no background of a family history of the disease); 
in such cases, mutated genes occur by chance. 
Familiar CRCs are less common (about 5%) and 
occur when gene mutations are passed within a 
family from one generation to the next. In these 
cases, mutated genes (germline mutation) are 
inherited. Inherited CRCs include: Hereditary 
Nonpolyposis Colorectal Cancer (HNPCC) or Lynch 
syndromes I and II, Familiar Adenomatous Polyposis 
(FAP), MYH Associated Polyposis (MAP), Peutz- 
Jeghers Syndrome (PJS), and Juvenile Polyposis 
Syndrome (JPS) [1, 2]. 

Factors that regulate and control cell growth 
are key points to the development of the cancer 
[1]. Proteins in insulin pathway play a significant 
role in the initiation of cell growth and proliferation 
of colorectal cancers [1]. Diet, lifestyle, physical 
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activity, body size, and sex steroids, and genetic 
factors affect the regulation of insulin [1]. 

Inflammation, hormones and energy-related 
factors are critical elements associated with colon 
cancer [1]. A Single Nucleotide Polymorphism (SNP) 
is a source variance in a genome. A SNP ["snip"] is 
a single base variation in DNA. SNPs are the most 
common source of genetic polymorphism in the 
human genome [2]. 

SNP related functional proteomics involve the 
identification of functional SNPs that modify 
structure and function of protein active sites. SNP 
helps to discover new therapeutic targets [3]. 
Developing a source of the modifications 
generated by functional (coding) SNPs in disease 
related proteins will direct the mutations in the 
population for proper treatment [4]. Accumulation 
of genetic mutations can cause colorectal 
carcinogenesis. These mutations occur 
spontaneously throughout life [5]. Insulin has 
metabolic effect and promitotic and antiapoptotic 
activity that may be tumorigenic. Polymorphisms in 
genes which are involved in insulin pathway cause 
hyperinsulinemia; insulin resistance and 
hyperinsulinemia are prevalent in obese patients. 
Hyperinsulinemia has been hypothesized to play a 
role in the obesity-colorectal cancer relationship 
[6]. Epidemiological studies have demonstrated that 
interactions between genetic and environmental 
factors may play important roles in the 
pathogenesis of cancer [7]. Individual genetic 
susceptibility [8] suggests that genetic background 
is one of the critical CRC risk factors [9, 1 0]. 

In this review, we integrate and assess studies 
from the literature relating to polymorphisms of 
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insulin pathway protein genes in the context of 
colorectal carcinoma. 

Insulin like Growth Factors (IGFs) 

Insulin, insulin-like growth factors, insulin-like 
growth factor receptors (IGF R of type 1 and type 
2) and Insulin-like Growth Factor Binding Proteins 
(IGF-BP 1-6), play an important role in the normal 
control of growth related processes. They have 
mitogenic and distinct apoptotic effects. Also, they 
can act in endocrine (like a hormone), and in an 
autocrine/paracrine manner. IGF can act as 
mitogen, and may induce tumor growth [11]. 
Indeed, tumor cells could induce their own 
proliferation by the synthesis of endogenous IGF 
molecules. This process of autocrine stimulation 
causes faster tumor growth [1 2]. Hormone induction 
and polymorphism in IGFs gene influence the 
expression level of IGFs [1 3]. Some studies have 
demonstrated a relationship between higher IGF1 
levels, lower IGFBP3 levels, and an increased risk 
of colorectal cancer [14-16]. In addition to serum 
IGF and IGFBP levels, it is important to understand 
the frequency of a genetic polymorphism in a given 
population to assess its role in potential risk of a 
disorder. Data suggests high heterogeneous 
relationship between colorectal cancer and insulin 
like growth factor polymorphisms [17-20]. In 2013, 
a meta-analysis suggested that IGFBP3 A-202C 
and Gly32Ala polymorphisms may not be 
associated with colorectal cancer development 
[21]. IGF family is involved in the regulation of 
somatic growth, cell proliferation, transformation, 
and apoptosis [22]. IGF-I, by binding to the IGF-I 
receptor, stimulates growth and metabolism and 
activates a protein tyrosine phosphorylation signal 
transduction cascade that is similar to the one 
involved in insulin action [23]. 

Growth Hormone (GH) binds to GH Receptor 
(GH-R) which leads to IGF- 1 production. IGF- 1 
binds to IGF-R1, and causes enhanced growth cell 
proliferation, and also anti-apoptotic effects. 
Interactions of IGF-BPs with IGF- 1 reduce the 
affinity of IGF-1 for IGF-R1 [24]. Connection of 
IGF-BPs with ECM decreases the affinity of IGFBPs 
for IGFs, and therefore increases the level of free 
IGFs [25]. IGFBPs control the level of IGF and its 
function which lead to change in IGF signaling [26]. 
IGFBPs by binding to IGF-I, generally inhibit its 
action and thereby reduce its bioavailability 
[27, 28], 



Insulin and Insulin Receptor 

In rats, insulin enhances the growth of aberrant 
crypt foci, CRC precursor lesions, and increases the 
number and size of the tumors [29]. Some studies 
have confirmed that insulin increases the neoplastic 
proliferation of cell lines and that the insulin 
receptor is commonly expressed in human 
neoplasms [30]. Several common genetic variants 
within the insulin signaling pathway that are 
associated with hyperinsulinemia and insulin 
resistance have been identified [31]. The relation 
between genetic variants that cause insulin 
resistance and colorectal cancer can predispose 
insulin resistance and also increase susceptibility to 
colorectal neoplasia [32, 33]. Population based 
studies have provided evidences that polymorphic 
variation of relevant genes can cause colorectal 
cancer risk by changing the circulating level of 
insulin and insulin like growth factors [28]. 

Observations are consistent with vivo 
experimental studies [29, 34] that demonstrate 
growth-promoting effects of exogenous insulin, and 
dietary-induced hyperinsulinemia [35]; they have 
shown that insulin increases the growth of colon 
epithelial and carcinoma cells in vitro [36]. 

It has been suggested that insulin may promote 
colorectal carcinogenesis directly by activating its 
own receptor, the receptors for IGF-I, or hybrid 
insulin/IGF-l receptors. These results indicate that 
insulin may play an important role in colorectal 
carcinogenesis [37]. The role of insulin in colorectal 
carcinogenesis is supported by recent experimental 
and observational studies [15, 38]. Elevated 
circulating levels of insulin may lead to changes in 
IGFBP concentrations through increasing IGF-I 
bioavailability; and this insulin mediation [39], via 
inducing pathophysiologic changes in concentrations 
of circulating IGF-I and IGFBPs, promotes 
colorectal carcinogenesis [40]. 

When insulin binds to its receptor, PI3K 
pathways can be activated and cause cell 
proliferation and survival. Polymorphism of insulin 
gene and its association with colorectal cancer 
were demonstrated by some studies [41]. 

Overexpression of the Insulin Receptor (IR) can 
induce cell transformation in vitro and human 
colorectal adenocarcinomas. The insulin receptor 
indicates sensitivity to the growth effects of insulin 
at high levels [42]. 

Adiponectin and Adiponectin Receptor 

Studies show a relationship between 
adiponectin [ADIPOQ] and its receptors [ADIPORs] 
with obesity and insulin resistance. The association 
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of ADIPOQ and its receptor genes in the 
development of obesity and insulin resistance 
confirms the role of ADIPOQ and its receptor 
genes in colorectal carcinogenesis [43, 44]. Several 
studies have demonstrated the inverse association 
between serum ADIPOQ and colorectal cancer risk 
[45-47]. 

It was demonstrated that in vitro, ADIPOQ 
presented growth inhibition and apoptosis induction 
in colorectal cancer cell lines [48]. In vivo, mice with 
lack of ADIPOQ in serum showed more intestinal 
tumors [49]. Circulating ADIPOQ level showed a 
significant negative association with metabolic 
syndrome traits, whereas ADIPORs level had a 
positive association with metabolic syndrome traits 
[49]. Adiponectin can suppress the cell proliferation 
of colon cancer via AdipoR- and -R2-mediated 
AMPK activation [50]. ADIPOQ has the anticancer 
role through connection to its receptors, which have 
been demonstrated to repress colon cancer cell 
lines [51]. ADIPOQ plays a suppressing role by 
activating Peroxisome Proliferator-Activated 
Receptor-a (PPAR-a) which causes inhibition of FAS 
activity [52, 53]. Some studies have demonstrated 
the elevated expression of ADIPORs in colorectal 
carcinomas than in normal gastrointestinal tissue 
[54]. 

It was shown that the inverse relation of 
adiponectin with risk of endometrial cancer is not 
always depend on IGF-I, IGF-II, IGFBP-3, leptin, 
BMI, but the combination of high BMI and low 
adiponectin levels lead to a more than six-fold 
excess risk of endometrial cancer [55, 56]. In 
obesity, reduced adiponectin levels lead to the 



development of insulin resistance and 
compensatory and chronic hyperinsulinemia [57, 
58]. Adiponectin has a proapoptotic activity 
because of inhibition of TNF-a production and 
angiogenesis [59]. Therefore, altered effects of 
TNF-a on tumor cell due to low adiponectin levels 
can potentially lead to carcinogenesis through 
proliferation. The association between genes of the 
adiponectin pathway and risk of colorectal cancer 
has been reported in case-control studies [56, 60]. 
LEP and LEP Receptor: 

Leptin is a 1 6 kDa glycolprotein product of the 
leptin gene (LEP), which is expressed almost 
exclusively (>95%) by adipocytes [61]. Plasma 
leptin levels are elevated in obesity and are raised 
with an increase of fat mass [62]. Leptin exerts its 
physiological action through the leptin receptor, 
which is expressed in colon cancer cell lines, human 
normal colonic, and adenomatous polyps [63, 64]. 
It is evident that leptin physiological properties are 
associated with energy homeostasis function and 
obesity. In addition, leptin is associated with 
inflammatory response, insulin signaling, bone 
remodeling and neuroendocrine function [65]. 
Leptin can act as a mitogen, transforming or 
migration factor for many different cell types [66, 
67]. Some studies have shown an association 
between high leptin levels with increased CRC risk 
[68, 69]. 

The leptin receptor plays a key role in how 
leptin functions. Leptin and its receptor are 
associated with energy balance, adiposity, insulin, 
inflammation and vitamin D; and these mentioned 
factors are associated with colon cancer [70-72]. 




cancer^) ^ 



Figure 1. It shows a multidimensional model of cancer development, which suggests insulin resistance and obesity as driving 
forces behind cancer. 
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Table 1. Pathways and its genes that involved in colorectal cancer 



Pathway 


gene 
symbols 


Function 


Disorders 


Ref. 


Insulin pathway 


IGFs 


Growth hormone/mitotic effect 


Diabetes and cancer 


[73] 




IGFBPs 


Carrier protein for IGF1 


Diabetes and cancer 


[74] 




INS 


Glucose homeostasis /mitotic 
effect 


Diabetes, cancer,polycystic ovary 
syndrome, metabolomics syndrome 


[75] 




INSR 


Regulation of glucose 
homeostasis 


Diabetes and metabolomics syndrome 


[76] 


Obesity pathway 


ADIPOQ 


Glucose regulation and fatty 
acidoxidation 


Type 2 diabetes, obesity, 
atherosclerosis, Non-alcoholic Fatty 
Liver Disease [NAFLD] 


r~7~7i 

[77] 
[78] 




ADIPOQR 


Increased AMPK and PPAR-a 

linnnH nrtivitif*^ 

MUUI IU U V. 1 1 V M 1 C J 


Diabetic, obesity and metabolomics 
syndrome 


[79] 




LEP 


Apoptotic suppressor/ mitotic 
effect 


Obesity, overeating, and inflammation- 
related diseases, hypertension, 
metabolic syndrome, and 


[80] 
[81] 








cardiovascular disease 




LEPR 


By interaction to leptin hormone 
regulates adipose-tissue mass 


Obesity, overeating, and inflammation- 
related diseases, 


[82] 


IGFs: insulin growth 
ADIPOQR:adiponectin 


factors; IGFBPs: 
receptor; LEP:leptin; 


insulin growth factors binding proteins; 
LEPR:leptin receptor 


INS: insulin; INSR: insulin receptor; ADIPOQ:adiponectin; 



Conclusion 

Colon cancer is the third most common cancer in 
men and the second in women worldwide. Therefore, 
understanding the role of genetic alteration in 
colorectal neoplasia will provide improved 
interventions for this malignancy. Polymorphisms in 
insulin [IGFs, IGFBPs, INS,and INSR] and obesity 
[ADIPO, ADIPOR, LEP, LEPR] genes promote cancer 
development and progression at various stages of 
the carcinogenic process. Since genetic mutations are 
involved in the initiation and progression of 
colorectal cancer, information on these changes may 
provide a clue for better diagnostic, prognostic, and 
appropriate treatment. 

Acknowledgment 

This paper is derived from the project of Digestive 
Diseases which was approved by Gastroenterology 
and Liver Disease Research Center in ShahidBeheshti 
University of Medical Sciences, Tehran,lran. 

Conflict of Interest 

The authors have no conflict of interest in this article. 

Authors' Contribution 

The subject selection and article structure were 
made andwritten by MostafaRezaei-Tavirani and 
AkramSafaei.Mohamad Reza zali providedmany 
useful consultations. Finally, all authorscommented on 
the manuscript and approved it as well. 



References 

1 . Slattery ML, Fitzpatrick F. Convergence of hormones, 
inflammation, and energy-related factors: a novel 
pathway of cancer etiology. Cancer Prevention Research. 
2009;2(1 l)=922-30. 

2. Li S, Liu H, Jia Y, Deng Y, Zhang L, Lu Z, et al. A 
Novel SNPs Detection Method Based on Gold Magnetic 
Nanoparticles Array and Single Base Extension. 
Theranostics. 201 2;2(1 0):967-75. 

3. Kirsten F, Karl-Heinz G, Angela R, Agnes HW. 
Genome-wide prediction of splice-modifying SNPs in 
human genes using a new analysis pipeline called 
AASsites. BMC Bioinformatics. 201 1 ;1 2(Suppl 4):S2. 

4. Barash CI. Ethical issues in Pharmacogenetics. Drugs. 
2001. 

5. Hoyo C, Murphy SK, Schildkraut JM, Vidal AC, 
Skaar D, Millikan RC, et al. IGF2R genetic variants, 
circulating IGF2 concentrations and colon cancer risk 
inAfrican Americans and Whites. Disease Markers. 
201 2 ; 32(2):1 33-41. 

6. Colangelo LA, Gapstur SM, Gann PH, Dyer AR, Liu 
K. Colorectal cancer mortality and factors related to the 
insulin resistance syndrome. Cancer Epidemiology 
Biomarkers & Prevention. 2002;1 1(4):385-91. 

7. Risch N. The Genetic Epidemiology of Cancer 
Interpreting Family and Twin Studies and Their Implications 
for Molecular Genetic Approaches. Cancer Epidemiology 
Biomarkers & Prevention. 2001 ;1 0(7):733-41 . 

8. Lichtenstein P, Holm NV, Verkasalo PK, lliadou A, 
Kaprio J, Koskenvuo M, et al. Environmental and heritable 
factors in the causation of cancer — analyses of cohorts of 
twins from Sweden, Denmark, and Finland. New England 
Journal of Medicine. 2000;343(2):78-85. 

9. Lynch HT, de la Chapelle A. Hereditary colorectal 
cancer. N Engl J Med. 2003;348(1 0):91 9-32. 



182 



Iranian Journal of Cancer Prevention 



The Association Between Polymorphismsin Insulin and 



10. De la Chapelle A. Genetic predisposition to 
colorectal cancer. Nature Reviews Cancer. 
2004;4(10):769-80. 

1 1 . Aaltonen LA, Peltomdki P, Leach FS, Sistonen P, 
Pylkkdnen L, Mecklin JP, et al. Clues to the pathogenesis of 
familial colorectal cancer. Science (New York, NY). 
1993;260(5109):812-6. 

1 2. Sporn MB, Todaro GJ. Autocrine secretion and 
malignant transformation of cells. New England Journal of 
Medicine.l 980;303(1 5):878-80. 

1 3. Yu H, Rohan T. Role of the insulin-like growth factor 
family in cancer development and progression. Journal of 
the National Cancer Institute. 2000;92(1 8): 1 472-89. 

14. Ma J, Pollak MN, Giovannucci E, Chan JM, Tao Y, 
Hennekens CH, et al. Prospective study of colorectal 
cancer risk in men and plasma levels of insulin-like growth 
factor (IGF)-I and IGF-binding protein-3. Journal of the 
National Cancer Institute. 1 999;91 (7):620-5. 

15. Giovannucci E, Pollak MN, Platz EA, Willett WC, 
Stampfer MJ, Majeed N, et al. A prospective study of 
plasma insulin-like growth factor- 1 and binding protein-3 
and risk of colorectal neoplasia in women. Cancer 
Epidemiology Biomarkers & Prevention. 2000;9(4):345-9. 

1 6. Kaaks R, Toniolo P, Akhmedkhanov A, Lukanova A, 
Biessy C, Dechaud H, et al. Serum C-peptide, insulin-like 
growth factor (IGF)-I, IGF-binding proteins, and colorectal 
cancer risk in women. Journal of the National Cancer 
Institute. 2000;92(1 9): 1 592-600. 

17. Arkani M, Safaei A, Karimi K, Vahedi M, Mohebi 
SR, Fatemi SR, et al. Association of IGF- 1 gene 
(rs5742612) polymorphism with colorectal cancer. Journal 
of Sabzevar University of Medical Sciences. 
2012 ; 19(2):109-15. 

1 8. Zecevic M, Amos CI, Gu X, Campos IM, Jones JS, 
Lynch PM, et al. IGF1 gene polymorphism and risk for 
hereditary nonpolyposis colorectal cancer. Journal of the 
National Cancer Institute. 2006;98(2):1 39-43. 

19. Morimoto LM, Newcomb PA, White E, Bigler J, 
Potter JD. Insulin-like growth factor polymorphisms and 
colorectal cancer risk. Cancer Epidemiology Biomarkers & 
Prevention. 2005;1 4(5):1 204-1 1. 

20. Maki RG. Small is beautiful: insulin-like growth 
factors and their role in growth, development, and cancer. 
Journal of Clinical Oncology. 201 0;28(33):4985-95. 

21. Xiang H, Wang Y, Nie S. Meta-Analysis of the 
Association between Insulin-Like Growth Factor Binding 
Protein 3 Genetic Polymorphisms and Colorectal Cancer 
Susceptibility. PLoS One. 201 3;8(3):e59665. 

22. Jenkins P, Frajese V, Jones A, Camacho-Hubner C, 
Lowe D, Fairclough P, et al. Insulin-like growth factorl and 
the development of colorectal neoplasia in acromegaly. 
Journal of Clinical Endocrinology & Metabolism. 
2000;85(9):3218-21. 

23. Clemmons DR, Moses AC, McKay MJ, Sommer A, 
Rosen DM, Ruckle J. The Combination of Insulin-Like 
Growth Factor I and Insulin-Like Growth Factor-Binding 
Protein-3 Reduces Insulin Requirements in Insulin- 
Dependent Type 1 Diabetes: Evidence for in 
VivoBiological Activity. Journal of Clinical Endocrinology & 
Metabolism. 2000;85(4):1 51 8-24. 



24. Lonn S, Rothman N, Shapiro WR, Fine HA, Selker 
RG, Black PM, et al. Genetic variation in insulin-like growth 
factors and brain tumor risk. Neuro-oncology. 
2008;10(4):553-9. 

25. Pollak MN, Schernhammer ES, Hankinson SE. 
Insulin-like growth factors and neoplasia. Nature Reviews 
Cancer. 2004;4:1 8-505. 

26. Grimberg A, Cohen P. Role of insulin-like growth 
factors and their binding proteins in growth control and 
carcinogenesis. Journal of cellular physiology. 
2000;1 83(1 ):1 -9. 

27. Furstenberger G, Senn HJ. Insulin-like growth 
factors and cancer .The lancet oncology. 2002;3(5):298- 
302. 

28. Sandhu MS, Dunger DB, Giovannucci EL. Insulin, 
insulin-like growth factor-l (IGF-I), IGF binding proteins, 
their biologic interactions, and colorectal cancer. Journal 
of the National Cancer Institute. 2002;94(1 3):972-80. 

29. Giovannucci E. Insulin, insulin-like growth factors 
and colon cancer: a review of the evidence. The Journal of 
nutrition. 200 1 ; 1 3 1 ( 1 1 ):3 1 09S-20S. 

30. Pollak M. Insulin and insulin-like growth factor 
signalling in neoplasia. Nature ReviewsCancer. 
2008;8(12):915-28. 

31. Le Stunff C, Fallin D, Schork NJ, Bougneres P. The 
insulin gene VNTR is associated with fasting insulin levels 
and development of juvenile obesity. Nature genetics. 
2000;26(4):444-6. 

32. Ortiz AP, Thompson CL, Chak A, BergerNA, Li L. 
Insulin resistance, central obesity, and risk of colorectal 
adenomas. Cancer. 20 1 1 ; 1 1 8(7): 1 774-8 1 . 

33. Gunter MJ, Hayes RB, Chatterjee N, Yeager M, 
Welch R, Schoen RE, et al. Insulin resistance-related genes 
and advanced left-sided colorectal adenoma. Cancer 
Epidemiology Biomarkers & Prevention. 2007; 1 6(4):703- 
8. 

34. Koohestani N, Tran TT, Lee W, Wolever TMS, 
Bruce WR. Insulin resistance and promotion of aberrant 
crypt foci in the colons of rats on a high-fat diet. Nutr 
Cancer. 1997; 29(l):69-76. 

35. Otani T, Iwasaki M, Sasazuki S, Inoue M, Tsugane 
S. Plasma C-peptide, insulin-like growth factor-l, 
insulin-like growth factor binding proteins and risk of 
colorectal cancer in a nested case-control study: The 
Japan public health center-based prospective study. 
International Journal of Cancer. 2007;1 20(9):2007-l 2. 

36. Bruce WR, Giacca A, Medline A. Possible 
mechanisms relating diet and risk of colon cancer. Cancer 
Epidemiology Biomarkers & Prevention. 2000;9(1 2):1 271 - 
9. 

37. Sinicrope FA, Foster NR, Sargent DJ, O'Connell MJ, 
RankinC. Obesity is an independent prognostic variable in 
colon cancer survivors. Clinical Cancer Research. 
201 0;16(6)=1 884-93. 

38. Khandwala HM, McCutcheon IE, Flyvbjerg A, 
Friend KE. The effects of insulin-like growth factors on 
tumorigenesis and neoplastic growth. Endocrine Reviews. 
2000;21(3)=215-44. 



Vol6, No 4, Autumn 201 3 



183 



Rezaei-Tavirani et al. 



39. Wei EK, Ma J, Pollak MN, Rifai N, Fuchs CS, 
Hankinson SE, et al. A prospective study of C-peptide, 
insulin-like growth factor-l, insulin-like growth factor 
binding protein-1, and the risk of colorectal cancer in 
women. Cancer Epidemiology Biomarkers & Prevention. 
2005;14(4):850-5. 

40. Lukanova A, Zeleniuch-Jacquotte A, Lundin E, 
Micheli A, Arslan AA, Rinaldi S, et al. Prediagnostic levels 
of C-peptide, IGF-I, IGFBP-1,-2 and-3 and risk of 
endometrial cancer .International Journal of Cancer. 
2004 ; 108(2):262-8. 

41 . Arkani M, Safaei A, Karimi K, Arbabi E, Rostami F, 
Iman M, et al. Association of the insulin gene polymorphism 
and colorectal cancer. Koomesh. 201 2; 1 3(2):172-6. 

42. Kiunga GA, Raju J, Sabljic N, Bajaj G, Good CK, 
Bird RP. Elevated insulin receptor protein expression in 
experimentally induced colonic tumors. Cancer letters. 
2004 ; 21 1(2):1 45-53. 

43. Meilleur KG, Doumatey A, Huang H, Charles B, 
Chen G, Zhou J, et al. Circulating adiponectin is associated 
with obesity and serum lipids in West Africans. Journal of 
Clinical Endocrinology & Metabolism. 201 0;95(7):351 7- 
21. 

44. Bluher M, Bullen Jr JW, Lee JH, Kralisch S, 
Fasshauer M, Kloting N, et al. Circulating adiponectin and 
expression of adiponectin receptors in human skeletal 
muscle: associations with metabolic parameters and insulin 
resistance and regulation by physical training. Journal of 
Clinical Endocrinology & Metabolism. 2006;91 (6):231 0-6. 

45. Yamaji T, Iwasaki M, Sasazuki S, Tsugane S. 
Interaction between adiponectin and leptin influences the 
risk of colorectal adenoma. Cancer research. 
2010;70(13):5430-7. 

46. Gonullu G, Kahraman H, Bedir A, Bektas A, Yucel I. 
Association between adiponectin, resistin, insulin resistance, 
and colorectal tumors .International journal of colorectal 
disease. 201 0;25(2):205-l 2. 

47. Otake S, Takeda H, Fujishima S, Fukui T, Orii T, 
Sato T, et al. Decreased levels of plasma adiponectin 
associated with increased risk of colorectal cancer. World 
journal of gastroenterology: WJG. 201 0;1 6(1 0):1 252. 

48. Byeon JS, Jeong JY, Kim MJ, Lee SM, Nam WH, 
Myung SJ, et al. Adiponectin and adiponectin receptor in 
relation to colorectal cancer progression. International 
Journal of Cancer. 201 0;1 27( 1 2):2758-67. 

49. Mutoh M, Teraoka N, Takasu S, Takahashi M, 
Onuma K, Yamamoto M, et al. Loss of Adiponectin 
Promotes Intestinal Carcinogenesis in Min and Wild-type 
Mice. Gastroenterology. 201 1 ; 1 40(7):2000-8. 

50. Moon HS, Chamberland JP, Aronis K, Tseleni- 
Balafouta S, Mantzoros CS .Direct role of adiponectin and 
adiponectin receptors in endometrial cancer: in vitro and 
ex vivo studies in humans. Molecular cancer therapeutics. 
201 l ; 10(12):2234-43. 

51 . Liu L, Zhong R, Wei S, Yin JY, Xiang H, Zou L, et al. 
Interactions between geneticvariants in the adiponectin, 
adiponectin receptor 1 and environmental factors on the 
risk of colorectal cancer. PLoS One. 201 1 ;6(1 1 ): 27301 . 



52. Yamauchi T, Kamon J, Ito Y, Tsuchida A, Yokomizo 
T, Kita S, et al. Cloning of adiponectin receptors that 
mediate antidiabetic metabolic effects. Nature. 
2003;423(6941)=762-9. 

53. Luo Z, Saha AK, Xiang X, Ruderman NB. AMPK, the 
metabolic syndrome and cancer. Trends in 
pharmacological sciences. 2005;26(2):69-76. 

54. Williams CJ, Mitsiades N, Sozopoulos E, Hsi A, 
Wolk A, Nifli AP, et al. Adiponectin receptor expression is 
elevated in colorectal carcinomas but not in 
gastrointestinal stromal tumors. Endocrine-related cancer. 
2008;15(l):289-99. 

55. Mantzoros C, Petridou E, Dessypris N, Chavelas C, 
Dalamaga M, Alexe DM, et al. Adiponectin and breast 
cancer risk. Journal of Clinical Endocrinology & 
Metabolism. 2004;89(3):1 102-7. 

56. Kaklamani VG, Wisinski KB, Sadim M, Gulden C, 
Do A, Offit K, et al. Variants of the adiponectin (ADIPOQ) 
and adiponectin receptor 1 (ADIPOR1) genes and 
colorectal cancer risk. JAMA: the journal of the American 
Medical Association. 2008;300(1 3):1 523-31. 

57. Calle EE, Kaaks R. Overweight, obesity and 
cancer: epidemiological evidence and proposed 
mechanisms. Nature Reviews Cancer. 2004; 4(8):579-91. 

58. Ouchi N, Kihara S, Arita Y, Maeda K, Kuriyama H, 
Okamoto Y, et al. Novel modulator for endothelial 
adhesion molecules: adipocyte-derived plasma protein 
adiponectin. Circulation. 1 999; 1 00(25):2473-6. 

59. Rose D, Komninou D, Stephenson G. Obesity , 
adipocytokines, and insulin resistance in breast cancer. 
Obesity reviews. 2004;5(3):1 53-65. 

60. Karimi K, Arkani M, Safaei A, Vahedi M, MOHEBI 
SR, Fatemi SR , et al. ASSOCIATION OF ADIPONECTIN 
RECEPTOR 1 rs2275738 WITH COLORECTAL CANCER. 
SCIENTIFIC JOURNAL OF HAMADAN UNIVERSITY OF 
MEDICAL SCIENCES AND HEALTH SERVICES. 
2012 ; 19(2):54-7. 

61. Ahima RS, Flier JS. Adipose tissue as an endocrine 
organ. Trends in Endocrinology & Metabolism. 
2000;1 l(8)=327-32. 

62. Alexe DM, Petridou E. Leptin and cancer. Leptin. 
2007:201:23. 

63. Tamakoshi K, Toyoshima H, Wakai K, Kojima M, 
Suzuki K, Watanabe Y, et al. Leptin is associated with an 
increased female colorectal cancer risk: a nested case- 
control study in Japan. Oncology. 2005;68(4-6):454-61 . 

64. Stattin P, Lukanova A, Biessy64. C, Soderberg S, 
Palmqvist R, Kaaks R, et al. Obesity and colon cancer: 
does leptin provide a link? International Journal of Cancer. 
2004 ; 1 09(1 ):1 49-52. 

65. Kershaw EE, Flier JS. Adipose tissue as an 
endocrine organ. Journal of Clinical Endocrinology & 
Metabolism. 2004;89(6):2548-56. 

66. Hardwick JCH, Van Den Brink GR, Offerhaus G, 
Van Deventer SJH, Peppelenbosch MP. Leptin is a growth 
factor for colonic epithelial cells. Gastroenterology. 
2001 ;1 21 (1 )=79-90. 

67. Rouet-Benzineb P, Aparicio T, Guilmeau S, Pouzet 
C, Descatoire V, Buyse M, et al. Leptin counteracts sodium 



184 



Iranian Journal of Cancer Prevention 



The Association Between Polymorphismsin Insulin and 



butyrate-induced apoptosis in human colon cancer HT-29 
cells via NF-KB signaling. Journal of Biological Chemistry. 
2004 ; 279(16):1 6495-502. 

68. Slattery ML, Potter J, Caan B, Edwards S, Coates 
A, Ma KN, et al. Energy balance and colon cancer — 
beyond physical activity. Cancer research. 
1997;57(l):75-80. 

69. Slattery M, Ballard-Barbash R, Edwards S, Caan 
BJ, Potter JD. Body mass index and colon cancer: an 
evaluation of the modifying effects of estrogen (United 
States). Cancer Causes and Control. 2003; 1 4(1 ):75-84. 

70. Slattery ML, Caan BJ, Benson J, Murtaugh M. 
Energy balance and rectal cancer: an evaluation of 
energy intake, energy expenditure, and body mass index. 
Nutrition and cancer. 2003;46: 71 -1 66. 

71 . Macaulay V. Insulin-like growth factors and cancer. 
British journal of cancer. 1 992;65(3):31 1 . 

72. Liu L, Zhong R, Wei S, Xiang H, Chen J, Xie D, et 
al. The leptin gene family and colorectal cancer: 
interaction with smoking behavior and family history of 
cancer. PLoS One. 201 3;8(4):e60777. 

73. Renehan AG, Zwahlen M, Minder C, O'Dwyer ST, 
Shalet SM, Egger M. Insulin-like growth factor (IGF)-I, IGF 
binding protein-3, and cancer risk: systematic review and 
meta-regression analysis. Lancet. 2004;363(941 8):1 346. 

74. Ferry Jr RJ, Cerri RW, Cohen P. Insulin-like growth 
factor binding proteins: new proteins, new functions. 
Hormone Research in Paediatrics. 1 999;5 1 (2):53-67. 



75. Pike G, Vo H. The Genetic Engineering of Humans. 
2009. 

[http://www.cs.ucdavis.edU/~rogaway/classes/l 88/f 
all07/p28.pdf.] 

76. Frasca F, Pandini G,Sciacca L, Pezzino V, Squatrito 
S, Belfiore A, et al. The role of insulin receptors and IGF-I 
receptors in cancer and other diseases. Archives of 
physiology and biochemistry. 2008;1 14(l):23-37. 

77. Matsuzawa Y. The metabolic syndrome and 
adipocytokines .FEBS letters. 2006;580(1 2):2917. 

78. Okamoto Y, Kihara S, Funahashi T, Matsuzawa Y, 
Libby P. Adiponectin: a key adipocytokine in metabolic 
syndrome. Clinical Science. 2006;1 1 0(3):267-78. 

79. Kadowaki T, Yamauchi T. Adiponectin and 
adiponectin receptors. Endocrine Reviews. 
2005;26(3):439-51. 

80. Mantzoros CS. The role of leptin in human obesity 
and disease: a review of current evidence. Annals of 
internal medicine. 1 999; 1 30(8):671 . 

81. Hamilton BS, Paglia D, Kwan AY, Deitel M. 
Increased obese mRNA expressionin omental fat cells from 
massively obese humans. Nat Med. 1 995; 1 (9):953-6. 

82. Sharma K, McCue P, Dunn SR. Diabetic kidney 
disease in the db/dbmouse. American Journal of 
Physiology-Renal Physiology. 2003; 284(6):F1 1 38-F44. 



Vol6, No 4, Autumn 201 3 



185 



